The relationship between a person's height and the dimensions of that person's upper airways has been studied in adult subjects. Using this relationship, formulae have been derived which predict appropriate lengths for endotracheal tubes. The formulae are as follows:
. Theseformulae are notfoolproofbut provide a useful working guide. All usual comfirmatory tests of correct placement should be employed.
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This study was undertaken to determine the relationship between the height of an adult person and the length of that person's upper respiratory tract. If a constant relationship were to exist, that might be useful in predicting appropriate lengths for endotracheal tubes. McIntyre 1 investigated the relationship between age and endotracheal tube length in children. This, indirectly, links height to endotracheal tube length. The only mention in the literature of such a relationship in adults was in a letter from Dr. G. A. Morgan to the editor of Anaesthesia 2 in which he stated, inter alia, that 'the length of an orotracheal tube may be calculated from the easily memorised equation': Length of tube (cm) = Height of patient (cm) + 5 10 I t seems to be generally accepted that the tip of an endotracheal tube should be positioned close to the mid-point of the trachea. 3 -5 This allows room for the cuff below the vocal cords and provides a reasonable compromise between positions that might allow either inadvertent laryngeal extubation or inadvertent bronchial intubation. The mid-point of the trachea is, in practice, a point mid-way between the vocal cords and the carina, rather than the strict anatomical mid-point between cricoid cartilage and carina. Therefore, an appropriate length for an orotracheal tube is the distance along a curved path from the front teeth to the vocal cords, plus half the distance from the vocal cords to the carina, plus an arbitrary distance depending on whether the tube is cut at the level of the front teeth or with a certain length protruding beyond the teeth. Similarly, an appropriate length for a nasotracheal tube is the distance from the external naris to the vocal cords, plus half the distance from the vocal cords to the carina.
MATERIALS AND METHODS
The distance from the teeth to the vocal cords was measured in 203 patients during routine anaesthetic practice. This was done either by: 1. noting the measurement on the endotracheal tube opposite the right upper canine tooth at the moment when the tip of the tube reached the vocal cords; or, 2. by touching the cords with a curved introducer while simultaneously having the introducer marked opposite the right upper canine tooth. Measurements were double checked from time to time and similar results were produced by different anaesthetists using different methods.
The distance from the nose to the vocal cords was measured in 229 patients during routine anaesthetic practice. This was done by noting the measurement on the endotracheal tube at the external naris at the moment that the tube reached the vocal cords. These measurements were performed by four anaesthetists with results produced by different anaesthetists being similar.
The distances from the vocal cords to the carina and from the cricoid cartilage to the carina were measured in 100 adult patients who had been referred for computerised tomographical (CT) examination of the neck, usually the cervical spine. The only additional radiographs for the purpose of this :>tudy were a single AP scout scan through the thorax and one CT scan through the carina at a gantry angle of 0·. The examination for which the patients attended usually required contiguous 2 mm slices through the lower neck. All cervical slices were made at the same gantry angle. The 2 mm slices through the vocal cords, through the lower border of the cricoid cartilage and through the carina were selected and the table position for each of these three slices was noted. The distance from the zero position for each slice is measured by the apparatus and the table position recorded on each film. Table movement is said by the manufacturers to be accurate to 0.2 mm. In this way, the distance along the patient's body from the cords to the lower border of the larynx and then to the carina was measured. This was a horizontal measurement and correction was made to allow for the angle between the trachea and the horizontal. The formula used for this correction was:
. f gl f d . . cosme 0 an e 0 eVIatlOn from horizontal The angle of deviation from the horizontal was derived from the gantry angle, which is that angle, measured from the vertical, through which the gantry is moved to bring the incident angle to a right angle with the cervical spine. The gantry angle is therefore equal to the angle of deviation of the cervical spine from the horizontal. The trachea is parallel to the cervical spine and, therefore, the gantry angle is also equal to the angle of deviation of the trachea from the horizontal.
Two other measurements were recorded: knowledge of this distance may be useful in the correct placement of a double-lumen tube.
RESULTS

I. Distance from teeth to vocal cords
A summary of these results is shown in Table 1 and the results are presented graphically in Figure I .
Distance from nose to vocal cords
A summary of these results is shown in Table 2 and the results are presented graphically in Figure  2 .
Distance from vocal cords to carina and distance from cricoid cartilage to carina; both compared with height
A summary of these results is shown in A formula for the regression line for half the distance from the vocal cords to the carina against height can be obtained from the regression line for vocal cords to carina against height, by simple arithmetic. This is plotted in Figure 5 The regression line has the formula y = 2.26 + .059x.
The coefficient of xy correlation, r = 0.42. The regression line has the formula y = 3.14 + .046x.
The coefficient of xy correlation, r = 0.33.
adding the formula for the regression line for the distance from teeth to vocal cords against height to the formula for the regression line for the distance from vocal cords to carina against height. This is shown in Figure 5 , Line D, almost identical with Line C.
The formulae for these composite regression lines are not suitable for clinical use. However, they can be replaced by easily remembered formulae as suggested by Dr. Morgan. 2 His formula: Length of orotracheal tube (cm) = Height of patient (cm) + 5 10 can be modified to fit each of these lines as illustrated in Figure 6 .
Line A is the distance from the teeth to the midpoint of trachea. This is very close to Line B which has the formula:
Height of subject (cm) + 2 10 Line C is the distance from teeth to the mid-point of trachea plus 3 cm, the length of an orotracheal tube with 3 cm protruding past the teeth. This is very close to the line D which has the formula:
Height of patient (cm) + 5 10 (Dr Morgan's formula) Line E is the distance from the external naris to the mid-point of trachea, i.e. the length of a nasotracheal tube extending from the nose to midpoint of trachea. This is very close to line F which has the formula:
Height of patient (cm) + 8
10
The distance from the teeth to the carina is almost identical to the distance from nose to midpoint of trachea. Therefore, it is not shown but has the same companion formula.
Height of subject (cm) + 8 10 DISCUSSION The correlation between a person's height and the length of his or her trachea is surprisingly poor. Some very tall people have very short tracheas and vice versa. The best that can be said is that there is a tendency for the trachea to be longer as people are taller. The correlation between the height and the distance from the vocal cords to the teeth is quite good and that between the height and the distance from the external naris to the vocal cords is better still.
It is of interest to compare the measurements of tracheal length in this study with those quoted in reference books. (See Table 4 .) The results in the present study are similar to the anatomical measurements. Some of the measurements that appear in modern texts have been borrowed from other, older authorities whose sources, in turn, are obscured by the passage of time.
The only recent measurements found were those better trained, more skilled and more methodical person may well know exactly what length of tube has been advanced past the vocal cords; less skilled individuals may be so delighted to effect an intubation that they advance the tube down with abandon or, at other times, have such a poor view that they have no idea how much of the tube has disappeared between the vocal cords. In these circumstances, they must resort to other methods to ensure that the tube is correctly placed. These methods, useful in the average patient, may be less effective in a fat, short-necked person. Furthermore, tubes may be moved when a patient is in a relatively inaccessible position or while the patient is being turned. In these circumstances, it is comforting to have a figure that will locate the tip of the tube in a safe spot. Finally, it may be desirable to cut the tube to a particular length so that, for example, the connector can lie between the teeth or in the nose. It is again comforting to know the correct length in advance, as anyone who has experienced the misery of cutting and reconnecting a tube within the confines of the mouth or nose will attest. It is certainly not claimed that the formulae offered are foolproof or that these absolve one from using the well-known safeguards, but it is claimed that they provide a useful working guide and can be very helpful in some difficult circumstances. CONCLUSION The following formulae are a guide to the positioning of endotracheal tubes. 1. Distance from teeth to mid-point of trachea = Height (cm) + 2 
